An outbreak of acute keratoconjunctivitis in an ophthalmology department affected 15 patients and seven members of staff and necessitated temporary closure of the unit. Adenovirus (Ad) was isolated from eye swabs taken during the outbreak, but typing of the isolates by virus neutralisation assay proved unsatisfactory, wrongly assigning the isolate to serotype 10. A robust and rapid method for preparing microgram amounts of Ad DNA from infected cells was devised and used as the basis of a non-radioactive method for routine genotyping of adenovirus clinical isolates. All isolates associated with the outbreak, and one from a patient presenting at a nearby hospital during the outbreak, were found to have restriction endonuclease digestion patterns characteristic of Ad 37.
Introduction
Adenovirus (Ad) infections are a major cause of eye disease as a result of their association with the two clinical syndromes: pharyngoconjunctival fever and epidemic keratoconjunctivitis. The incubation period of pharyngoconjunctival fever is c. 8 days and produces ocular hyperaemia, watery discharge and follicle formation, often accompanied by fever and pharyngitis and pre-auricular lymphadenopathy. Epidemic keratoconjunctivitis can cause severe eye disease which presents as oedema of the eyelids and conjunctivae and subconjunctival haemorrhage. It differs from other forms of Ad conjunctivitis in that the cornea is involved, subepithelial corneal opacities develop and these may persist, threatening the patient's sight [l] .
The vast majority of Ad isolates from the eye grow well in tissue culture and initial identification can be made readily with an Ad-specific monoclonal antibody (MAb) in an immunofluorescence assay. While the accurate typing of Ad isolates can be problematic, it can also be of considerable clinical and epidemiological value. Typing becomes particularly important in an outbreak to identify cases and monitor the success of control measures. An outbreak of epidemic keratoconjunctivitis affecting seven members of staff and 15 patients in a local ophthalmology clinic necessitated the temporary closure of the unit. Accurate typing of virus isolates was considered essential for efficient management of this outbreak.
Ad isolates are routinely typed by neutralisation assay, but this method has several disadvantages. Typing by neutralisation assay is dependent on the use of qualityassured antisera against all Ad serotypes. Currently, in excess of 47 Ad serotypes have been identified [l, 21. Antisera currently available were prepared prior to the identification of some Ad strains currently circulating and thus these serotypes will not be identified. The method is time consuming and labour intensive, and cross-neutralisation may result in isolates being wrongly identified [3] . Ad isolates associated with the outbreak in the ophthalmology clinic were identified as serotype 10 by neutralisation assay. However, the clinical features of the outbreak were typical of epidemic keratoconjunctivitis, which tends to be most frequently associated with serotypes 8, 19 and 37 [4-61. A more definitive technique was deemed to be required for the analysis of isolates cultured from the outbreak. 
Materials and methods
For the culture of virus, eye swabs were taken from individuals with keratoconjunctivitis and immediately immersed in viral transport media. The sample was then inoculated on to HEp2 cells, human fetal foreskin fibroblasts, MRC5 cells and HEL cells. The culture tubes were placed in roller drums and incubated for up to 14 days at 37°C. Cultures exhibiting a CPE were tested for Ad infection by immunofluorescence with a group-specific MAb to Ad (DAKO Diagnostics, Cambridge). Positive cultures were then further passed into fresh HEp2 cells before being typed by neutralisation assay. Prototype Ad type 10 and 37 (obtained from Laboratory of Microbiological Reagents, CPHL, 6 1 Colindale Ave, London) were grown in HEp2 cells and stored at -80°C.
Neutralisation assay
Antisera to the more common Ad types were used (types 1, 2, 3, 4, 5, 6, 7, 11 and 14) in a first screen and then additional antisera (8, 10, 15, 16, 17, 18, 19 and 20) were used if no identification was made initially. Virus cultures (1 00 pl) were mixed with 100 pl of type-specific antiserum for 1 h at 20"C, after which the serudvirus mixture was inoculated into HEp2 cells. Cultures were incubated at 37°C and viewed daily until a positive culture (without antibody) showed CPE. The Ad type was determined by the antiserum which completely inhibited viral growth.
Rapid purijication of Ad DNA
Sub-confluent HEp2 cells in a 75-cm2 flask were inoculated with Ad and incubated at 37°C until CPE was extensive. The monolayer was dislodged with a cell scraper and recovered by centrifugation. Cells were washed once with phosphate-buffered saline, resuspended in 1 mM EDTA, 10 mM Tris, pH 7.5, (TE) buffer and extracted once with an equal volume of the fluorocarbon ArkloneP (Basic Chemical Company, High Wycombe) [9, 101. The extract was centrifuged for 5 min at 1000 g and the aqueous (top) phase was transferred to a fresh tube where SDS was added to 1% and proteinase K to 200 pg/ml. The reaction was incubated at 37°C for 1 h before being extracted twice with an equal volume of pheno1:chloroform (1: 1 v/v) and once with an equal volume of chloroform. To precipitate Ad DNA, sodium acetate (PH 4.8) was added to a final concentraiton of 0.3 M and the solution mixed with 2 vol of ethanol and stored overnight at -20°C. DNA was recovered by centrifugation (normally 3 X 1.5-ml tubes for each sample) for 5 min in a Sanyo microfuge. The small white or clear precipitate was air dried (37°C) and resuspended in 100 pl of TE buffer. Yields varied but typically sufficient DNA sample was produced to permit analysis in 10 restriction endonuclease digests.
Restriction endonuclease digestion and electrophoresis
Restriction endonuclease digests and agarose gel electrophoresis were performed by standard techniques [ll] . RNAase A (0.1 pg; Sigma) was included in all the restriction endonuclease digests and samples were analysed on an agarose 0.7% mini-gel. Restriction endonucleases and the mol.wt marker (BstEII digested ;1 DNA) were obtained from New England Biolabs (Hitchin).
Results
A series of 22 Ad isolates was obtained over a period of 4 weeks of the outbreak in the ophthalmology unit. The infectious agent was identified as being an adenovirus by immunofluorescence on infected cell cultures. All the Ad isolates were then characterised by a standardised neutralisation assay and assigned by this method to serotype 10. Further analysis of the isolates by REA was initiated. Independent isolates cultured from eye swabs of two patients with conjunctivitis presenting at a different hospital which had also been assigned to serotype 10 by the neutralisation assay and one isolate assigned to serotype 3 were also examined in parallel.
Ad DNA was prepared both from isolates associated with the outbreak and appropriate controls according to a standardised protocol and digested with a range of restriction endonucleases. The digest patterns obtained with BamHI and XhoI are illustrated in Figs. l a and b. Identical cleavage patterns were obtained with the six representative isolates from the outbreak analysed by cleavage with BamHI and the five isolates examined with XhoI. These results indicated that a single Ad genotype was associated with the outbreak. Two independent clinical isolates, also assigned as serotype 10, were also examined in this experiment. Interestingly, one of these isolates (B in Figs. la and b) had a restriction endonuclease cleavage profile identical to that of the isolates associated with the outbreak, while the second was [12] . The clinical isolate assigned to serotbe 3 by neutralisation assay was also digested with Barn H 1 and Xhol and showed a different pattern fi-om the outbreak strains.
A comparison between the cleavage patterns obtained in Figs. la and b and a published catalogue of Ad DNA digests indicated that the restriction endonuclease patterns for the outbreak strains were distinct from AdlO but similar to that of Ad37. One isolate from the nearby hospital also matched the profile for Ad37. To test the hypothesis that the outbreak of epidemic keratoconjunctivitis was caused by Ad37, DNA samples representative of the outbreak and DNA from reference AdlO and Ad37 strains, provided by B 5 4 3 2 A 1 Ad3 the Laboratory for Microbiological Reagents, were compared. The HindIII cleavage pattern of Ad37, but not of AdlO, was identical to that of the clinical isolates associated with the outbreak and one of the sporadic cases (B) (Fig. 1 c) . Interestingly, the second independent isolate (A) previously assigned as serotype 10 was clearly distinct from both the AdlO and Ad37 reference strains (Fig. lc) .
To test further the assignment of the outbreak strain as Ad37, BgZII, BstEII and HindIII digests were performed in parallel on the Ad37 and AdlO reference strains and a representative isolate from the outbreak. The Ad strain associated with the outbreak had the same restriction endonuclease pattern with all three enzymes as Ad37 and was clearly distinct from AdlO with all three enzymes (Fig. 2) . 
Discussion
Serotyping is dependent on measuring the relative ability of hyperimmune reference sera to neutralise virus infection by means of binding to a limited number of epitopes located on the hexon (predominantly), fibre and penton-base proteins of virus particles [ 131. Conventional serotyping depends on both the quality and availability of appropriate reference sera and samples an extremely small portion of the virus genome, i.e., the coding sequence for a limited number of neutralisation epitopes. Antisera currently in use were prepared before the identification of new Ad strains; indeed, reference antiserum to Ad37 was not available to the routine diagnostic laboratory during this study. Ad37 is a major cause of keratoconjunctivitis and the misidentification in this outbreak highlights the limitations of virus neutralisation in routine typing [ 141.
This paper describes a rapid, straightforward method for preparing Ad DNA that can be used for typing Ad isolates by restriction endonuclease digestion and can be used in a routine diagnostic virology laboratory either for typing common isolates or analysing outbreaks. Genotyping is intuitively more satisfactory in that it can use a range of different restriction endonucleases to sample across the entire virus genome in a predictable and defined fashion. REA of DNA can not only differentiate all known Ad serotypes, but also may be used to discriminate genome types within a serotype [15] .
The Ad isolates associated with the outbreak were provisionally assigned to serotype 10. However, REA demonstrated that the patterns of the outbreak strains clearly differed fiom that of a reference Ad10 pattern, but matched the reference Ad37 pattern. Furthermore, REA of two independent clinical isolates, previously identified as serotype 10 by serology, demonstrated one to be type 37 (and indistinguishable fiom the outbreak strain). Restriction enzyme profiles with two enzymes point to the second independent clinical isolate being a type 27 adenovirus. Ad27 is relatively rare [16] and a screening serum for this serotype was not available for the neutralisation assay.
In conclusion, the present study demonstrated the usefulness of rapid REA typing in a routine diagnostic virology laboratory during an outbreak of epidemic keratoconjunctivitis in a hospital. During the outbreak the same strain (Ad37) was detected in a sample presenting to a hospital some distance away, where there was not an outbreak. We suggest that the outbreak occurred following introduction into the ophthalmology department of a strain from the community and inadequate infection control measures within the hospital clinic.
